Twelve cases are described and 200 published cases analysed. The supravalvar aortic stenosis syndrome is one manifestation of the idiopathic hypercalcaemia of infancy syndrome, and the possible aetiologies are discussed. Another presentation of supravalvar aortic stenosis is in the so-called familialform, but there may exist considerable confusion between these two forms, as less than 50 per cent of those without physical stigmata have a positive family history, and the severe form of the idiopathic hypercalcaemia of infancy syndrome presenting with supravalvar aortic stenosis may have intermediate, or even normal facies. Management depends largely on the severity of the outflow tract obstruction. Full classification may be delayed until the aetiology is completely understood.
In I958, Denie and Verheugt diagnosed supravalvar aortic stenosis by retrograde arterial catheterization of the left ventricle, and on reviewing the published reports, found ii other cases mentioned, of whom 3 had mental retardation. Three years later in I96I, Williams, Barratt-Boyes, and Lowe described 4 cases of supravalvar aortic stenosis with the triad of 'characteristic' facies, mental retardation, and the supravalvar lesion. The facies consisted of protruding lips, low set ears, epicanthic folds, and strabismus.
Angiocardiography was performed more regularly in later series of what became known as the supravalvar aortic stenosis syndrome. In all the I0 cases of Beuren et al. (I964) there were also peripheral pulmonary arterial stenoses and they suggested that the full syndrome should include this anomaly, as well as a 'metallic' timbre of the voice, dental hypoplasia, and the peripheral systemic arterial stenoses which other workers, at the same time, had been demonstrating angiographically (Beuren, Apitz, and Harmjanz, I962; Bourassa and Campeau, I963; Williamson, I964) .
Recognized earlier, but documented contemporaneously with this syndrome and its stigmata, was a familial form of the disease, with which the sufferers had normal facies and mental development, but a strong family history of similar lesion above the aortic valve (Logan et al., I965) . This syndrome became regarded as a separate entity and included sporadic cases without a family history. An interesting series was that of Eisenberg et al. (I964) , in which 3 generations of 2 families were examined, involving over I00 members. Five proven cases were recorded and a further 8 suspected clinically of having the lesion. None had any of the physical stigmata.
In 195i, Butler had described a case of severe infantile hypercalcaemia associated with abnormal facies in whom there was a cardiac murmur. Fanconi et al. (1952) confirmed this 'elfin' facies syndrome and documented it more fully. Other features common to both case reports were a low birthweight, delayed appearance of ossification centres, dense metaphyses, and azotaemia. Further studies revealed a mortality of 25 per cent by 31 years, usually from renal failure, with nephrocalcinosis a not uncommon feature (Hoevels and Stephan, I962; Jue, Noren, and Anderson, I965) . The cause of the cardiac murmur was not explained.
Black and Bonham Carter (I963) related the two diseases by pointing out that the 'elfin' facies of Schlesinger was similar to the 'characteristic' facies of Williams. From the 5 cases that they added, in all of whom the supravalvar aortic stenosis was suggested on clinical grounds only, they elicited a history of failure to thrive in infancy. This, they intimated, represented the hypercalcaemic episode and the abnormalities were consequent upon it. Further support associating the syndromes came from Hooft, Vermassen, and Blancquaert (I963) and in i964, Garcia et al. reported the first case of the full supravalvar aortic stenosis syndrome with a documented episode of infantile hypercalcaemia. a maternal intake of vitamin D supplements during pregnancy, nor of hypercalcaemia. There was no family history of congenital heart disease.
From the age of 3 to 9 months he failed to thrive and at this time the serum calcium was found to be i2-2 mg/ I00 ml.
He has the elfin facies of hypercalcaemia, obvious mental retardation, though his IQ has not been documented numerically, a 'metallic' voice, and dental hypoplasia. There are also bilateral radio-ulnar synostoses.
The blood pressure is 90/7o mmHg in the left arm and I20/80 mmHg in the right arm, and the left-sided pulse deficit is obvious clinically; a sign present in 9 of our I2 cases and first reported by Franch and Oran (I963). The arterial wave form is normal, but there is a grade 2/4 ejection systolic murmur at the left sternal edge, conducted up into the neck. There is no ejection click, no early diastolic murmur, and the second sound moves normally. The physical signs are consistent with a diagnosis of supravalvar aortic stenosis. The chest x-ray shows a small ascending aorta and knuckle, but is otherwise normal.
At the age of 7 a left renal staghorn calculus was noted on a plain film, and he underwent nephrectomy at the age of I5 because of repeated urinary infections. His urine is now sterile and, as his left ventricular outflow tract obstruction remains mild, catheterization is not considered justifiable.
Case 2 This boy was born in I958 at 38 weeks, with a normal birthweight. The pregnancy was normal and there was no relevant maternal or family history. At birth he was noted to have an 'odd' face and a cardiac murmur and was thought to have Down's syndrome. At the age of 6 weeks he was investigated for failure to thrive, but no serum calcium estimation was obtained and there is no clinical description available to classify it definitely as idiopathic hypercalcaemia in infancy.
On examination now, he does not have Down's syndrome and his chromosome pattern is normal. His facies is abnormal, but not the classical elfin type, though it has some features in common with it (Fig. i) . He has the physical signs of supravalvar aortic stenosis which is not causing significant outflow tract obstruction. The chest x-ray shows a small aortic knuckle and ascending aorta. His renal tract is normal.
Case 3 This boy was born in 1943 with a normal birthweight and after a normal pregnancy. There was no family history of congenital heart disease, and no failure to thrive suggestive of infantile hypercalcaemia. No relevant maternal history could be elicited. He first presented with a murmur at the age of 5, when his facies and IQ were normal; and at the age of 7, the diagnosis of supravalvar stenosis was confirmed by catheterization and angiocardiography ( Fig. 2 and 3 ).
In addition, there was hypoplasia of the aortic arch, enlargement of both coronary arteries, and mild right innominate artery stenosis. Despite prophylaxis, he developed bacterial endocarditis after the investigations and he suffered a further attack at the age of I9.
Further catheterization showed considerable outflow tract obstruction, with a gradient of 125 mmHg across the stenosis, for which he was operated on with insertion of a Dacron gusset. Seven years later he is well and has a daughter.
Case 4 The daughter of Case 3 was born in I968; she is asymptomatic with normal facies and apparently nor- mal intelligence, but a murmur was noted at birth. Her mother took no vitamin D supplements during the pregnancy and there is no relevant maternal history. She now has the physical signs of supravalvar aortic stenosis with a normal carotid pulse, but a grade 3/4 ejection systolic murmur, best heard at the left sternal edge and associated with a thrill going up into the neck. There is no ejection click and only minor electrocardiographic abnormalities. She has not been catheterized as the outflow tract obstruction remains mild.
Case 5 This girl was born in I950, one week post mature, with a normal birthweight. She has 9 cousins, 4 with congenital heart disease ( Fig. 4) . There is no relevant maternal history. Her face is normal and she has an above average intelligence. A murmur was first heard at the age of I0 months, and she was catheterized aged ii years when the diagnosis of supravalvar stenosis was confirmed and a 45 mm gradient found across the obstruction. Left ventricular angiocardiography showed only the supravalvar stenosis, and no arterial stenoses in the branches of the aortic arch. At the age of 17 she developed bacterial endocarditis, but since treatment has been well. his chest x-ray shows only a small aortic knuckle and ascending aorta. In view of the mildness of his outflow tract obstruction he has not been investigated.
Case 7 The brother of Case 6 and a cousin of Case 5, was bom in I958 with a normal birthweight and no relevant maternal history. He has the same physical signs as his brother, including the left brachial pulse defect, and his chest x-ray is similar.
Case 8 A cousin of Cases 5, 6, 7, and 9, was born in I971 with a normal birthweight after a normal delivery. There is no relevant maternal history. A murmur was first heard at birth and her face and IQ appear normal.
On examination now there is a diminished pulse in the left arm. The carotid pulse is normal in wave form. A grade 2/4 ejection systolic murmur is heard at the left stemal edge and conducted up into the neck. There is no ejection click and no early diastolic murmur.
The electrocardiogram shows right ventricular hypertrophy and the chest x-ray a large pulmonary artery and a small aortic knuckle.
At catheterization there was a 20 mm gradient across a supravalvar pulmonary artery stenosis, and angiocardiography confirmed this and showed a stenosis of the right main pulmonary artery in addition.
A coincidental left-sided lesion has not been excluded. On examination now she is I37 cm tall, has typical elfin facies (Fig. 5) , a 'metallic' voice, dental hypoplasia with carious teeth, and obvious mental retardation. Her IQ was measured as 47 (Termann Merrill) aged 7, but it appears higher than that now. There is a diminished pulse in the left arm, but the arterial wave form is normal. The physical signs are those of supravalvar aortic stenosis. The electrocardiogram shows no left ventricular hypertrophy, but the ST segments are abnormal. The chest x-ray shows a small aortic knuckle and several peripheral pulmonary arterial stenoses are suspected on the plain film. These are not visible on the illustration (Fig. 6 ) and have not been confirmed angiocardiographically because she does not merit catheterization. A similar chest x-ray has been described previously by Kurlander et al. (I966) .
Her bone age is normal and there is no renal calcification.
Case II Born in I949 with a normal birthweight after a normal pregnancy, there was no relevant maternal history and no family history of congenital heart disease. She has normal facies and a normal intelligence.
She presented at the age of I3 years with progressive dyspnoea. At catheterization she was found to have supravalvar aortic stenosis with a gradient of 75 mm. A mild innominate artery stenosis was seen on the angiogram and both coronary arteries were characteristically large. She was operated upon with insertion of a Teflon gusset and since then has been well and asymptomatic.
She now has a daughter who is normal and has no cardiac murmur.
Case 12 Born in I96I at 331 weeks with a birthweight of 2265 g, after otherwise normal pregnancy; his mother had taken no vitamin D supplements during it and there was no family history of congenital heart disease.
A murmur was first heard at the age of 6 months, when he thrived poorly for 3 months and failed to gain weight. However, no serum calcium estimation was performed. After this episode, he always remained below the third centile.
By the age of IO he had considerable exertional dyspnoea and on examination then had the characteristic facies of the idiopathic hypercalcaemia of infancy syndrome, despite previous surgery for strabismus and abnormal ears. (e) Presence of multiple vascular lesions Of 175 patients investigated adequately, peripheral arterial stenoses were reported in about 60 per cent, but in almost every case the examination was limited to the aortic arch and/or pulmonary trunk and did not include more distal arteries. The incidence may therefore be higher. Little significant difference exists in the incidence between those with facial abnormalities and those without. (Forfar et al., I956) .
Whatever the metabolic defect, it may express itself in several ways: (a) by the production of an episode of hypercalcaemia frequently severe enough to result in renal damage; (b) by the production of vascular lesions, of which supravalvar aortic stenosis is commonly the most significant clinically; and (c) by mental deficiency, craniofacial dysplasia, and the other common features, of which some may result from the original insult, e.g. intellectual impairment, others may be a direct consequence of the other abnormalities, e.g. pyloric stenosis as a manifestation of hypercalcaemia, while others may be less specific manifestations of general ill health during infancy, e.g. delayed skeletal maturation.
The degree to which each expression proceeds may be independently variable; a number of patients with hypercalcaemia will also develop supravalvar stenosis and vice versa, and the associated stigmata will be present to an extent not necessarily related to either. Some patients may therefore show pure supravalvar aortic stenosis without any of the other components of the syndrome, and others, peripheral pulmonary arterial stenosis rather than systemic arterial lesions. 
